We discovered transverse photo-induced voltage in two-dimensional metallic photonic crystal slabs for oblique incident circularly polarized light. Signal sign is reversed by changing the sense of polarization or sign of incident angle.
Introduction
Although it is rarely emphasized, radiation pressure due to the translational momentum of light is ascribed to the second order nonlinear optical effect. If we take appropriate geometry, the pressure can be detected as voltage which is often referred to as a photon drag effect [1] . We have reported incident angle dependent photo-induced voltage for optically-thin metallic photonic crystal slabs (MPCS) [2] . Recently we have demonstrated that asymmetry in the photonic crystal unit cell causes voltage even for normal incidence of light, which may be interpreted as photo-rectification. The wavelength and incident angle dependence is readily explained in terms of momentum conservation between the structure and lights including diffraction [3] . Similarly angular momentum of light is also ascribed to the second order nonlinear optical effect. Then it is natural to ask the following question: what is the influence of circular-polarized light to free electrons in MPCS? From the symmetry consideration, the voltage is expected to the direction perpendicular to the incidence plane, which is defined by incident and reflected beams. In this paper, we report the first experimental observation of the transverse voltage induced by circularly polarized light.
Experimental setup
To detect this signal, we employed a sample structure design so that it has electromagnetic eigen states for angular momentum. We evaporated 40 nm of Au on a lightly Cr-coated quartz substrate. By using the electron beam lithography technique, we formed a square array of circular holes with diameter of 500 nm with period of 1.2 µm in the area of 0.6x0.6 mm 2 . AFM image of the sample is shown in the inset of Fig.1a .
The figure shows schematic configuration of our experiment. Four leads are attached to the patterned sample.
Transverse leads extend perpendicularly to the plane of incidence. In the measurements we report here, the transverse voltage is measured by an oscilloscope with the longitudinal leads electrically open. 
Experimental result and interpretation
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978-1-55752-859-9/08/$25.00 ©2008 IEEE as in the Magnus effect in fluid dynamics. Note that there are at least two photon energies where the transverse voltage is negative. To investigate this singularity, we measured transmission spectra for s-and p-polarized light which are shown in Fig.1c . As for the transmission for the circularly polarized light, we found that it is just the arithmetic sum of the two spectra as is expected. Transmission dips are ascribed to the surface plasmon polariton (SPP) excitation. Determined by the angular dependence of the spectra, the SPP at the air-Au and Au-substrate interfaces are designated as a(n x ,n y ) and s(n x ,n y ), where n x and n y are reciprocal lattice indices. Comparing transverse PIV and transmission spectra, we notice that the anomalous behavior corresponds to the branch with n x < 0. The negative PIV at 820 and 1350 nm correspond to excitation of a(-1,0) and s(-1,0) SPP, respectively. In this case, the longitudinal electron flow due to SPP is opposite to the projection of incident photon momentum onto the sample, thus it may explain the opposite sign of the voltage. Finally let us point out an interesting point of view: if the circular current around the holes induced by the circularly polarized light is conceptually replaced by an effective magnetic field, the phenomena may be re-interpreted as an effective Hall effect. In this perspective, the measurement of transverse PIV provides a way to estimate an optically induced magnetism in the metallic structure.
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